This paper presents a system of recommendations for an enterprise content manager (ECM) based on ontological models. In many occasions the results of a search are not accurate enough, so the user of the ECM system must check them and discard those not related to the search. In order to make recommendations, a proposal where it is necessary to review the instances of the ontological model is presented to manage the alias and ambiguities. Comparisons are made between the results obtained from the traditional search model and the recommendations suggested by the model proposed in this work.
I. INTRODUCTION
N an Enterprise Content Management (ECM) system, the search is a critical and repetitive task. Access to the requested information is vital for the person who performs the search, but the information is not always presented explicitly, as when the search is done by date and author. For this reason, the person must read the documents and determine if the result is correct or not. In the market, there are different commercial solutions that implement ontological models in an ECM, such as Athento ECM [1] -Zaizi [2], but they do not reveal how to use ontological models because this is a commercial secret. For a content management user, it is important to have all the documents organized and have all the control access for the documents.
This paper describes recommendation system based on ontological models. The models give solution to two of the most common problems: ambiguity and alias, which are handle in order to give the final user some suggestions about Manuscript other documents that could have any relation with the search terms.
The work described here is part of a research project founded by COLCIENCIAS, the entire project is aimed to the development of a recommendation system for an ECM software.
Two ontological models were applied to represent entities from the content of the documents. The results of applying the FOAF [3] model, with the property TheSameAs, can be used to present to the final user documents that are related with some person but are referenced with a nickname or alias, and cannot be reached with the traditional model of search. The second model has a special property, HasFacet, which enable the instances of the model to have relations with instances of other models such as those that we show here with car [4] and places [5] model. This paper has seven parts. Section 1 introduces the work presented here. Section 2 describes some issues with the current search technique based on key words. Section 3 shows works that has been done by some ECM companies, and research on using semantic, ontology, and ECM to manage data and information in a different way. Section 4 presents information about ontology. Section 5 describes our proposal to handle ambiguity and alias problems on ECM. In section 6 we present some results after applying our proposal to a search engine, and show the differences with the current search method, and finally in Section 7 we present some conclusion of this work.
II. PROBLEM
The problem we address can be formulated as follows: "Enterprise Content Management (ECM) makes reference to the strategies, methods and tools to capture, manage, storage, preserve and present the contents handled by an organization" [6] .
In an ECM, it is not possible to find more relations between the objects that are part of the system, but only those established in the database design. Basically, in an ECM, we can make consultations about documents in a specific status, to consult the name, date or any other metadata, or find a word
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To make modifications that allow us to find new relations among the objects that are part of the system is not a simple task if it is made from the DB. For this reason, the use of ontologies is proposed to create models that define new relations and provide more information in the system.
In an ECM, documents are handled as such. Documents are understood as any form to present information, no matter its format or content. The ECM can manage resumes, contracts, invoices, mails, PQR, brochures, recipes, reports, researches, etc. It does not matter either its digital format (word, Excel, PDF).
Considering this variety, the ECMs choose to create metadata common to all, modeling them as a document. For this, metadata are created following some schemes that allow them to organize in hierarchy the information and save related information with characteristics of the document (physical location, format, entry date in the system).
In a search engine based on key words as ECMs commonly do, generally there are failures when alias or pseudonyms and names changes are handled. Another problem arises when dates not handled by the metadata are searched and they are in different formats. For instance, we will not get the same results from the date "01/23/2013" as we look for "Twenty Third Day of January 2013", even if they make reference to the same date.
With the creation of an ontological model, basic relations of hierarchy can be established, as well as more elaborated relations that allow to associate objects of different classes [7] .
III. RELATED WORKS
The semantic web is a group of techniques and technologies to represent the knowledge in a specific domain [8] . These techniques allow sharing and reusing the information among applications and communities. Technologies such as RDF (Resource Description Framework)[9] and OWL (Ontology Web Language) to represent knowledge [10] are used by companies to create software like Athento [1] and Zaizi [2], which add an improvement to the search engine of the ECM system.
The traditional search engines base their operation in the use of inverted indexes, which enable a high speed of response [11] . With the use of semantic, and indexing documents with relevant search terms (relevant to each document), allow Athento users to navigate through documents that are related.
In the works currently under development, it is always attempted to apply or develop an ontological model to represent the domain managed by the ECM like in the OpenCalais project [12] . In this work, it is pretended to handle the ambiguities and alias that could be present in the text of the document.
Some authors propose the use of ontology in ECM software to manage the problem of ambiguous representation of knowledge with two approaches, ex post and ex ante. Ex post try to solve the ambiguity once the information has been collected, on the other hand ex ante try to avoid the ambiguity before it happens [13] .
The use of ontology models can help to build a structure that represents the possible class that a document could belong to, and can be used to classified documents in a repository. Instances of the ontology model can be use to tag the content too, and could be used to let the final user choose the document type that he or she like the most [14] .
Some collaborative work require the interchange of recorded data to accomplished a job, most of the time is hard to share with collaborators or to reuse the data (or information) in some other process, because the data is not in the correct format or can has different meaning from one data base to other. Some authors propose to solve this problem by using an information system in conjunction with ontology models to give an easy way to access the information [15] . In this approach the use of ontology can help to build a semantic tag system to accurately annotate the document from repository, and give the final user the ability to access the knowledge present on the ontological relations [15] . The main objective of this approach is to let the final user spend less time on preprocessing the data for exchange with coworker, or reuse the data in some other different process.
Semantic and ontology models are used to give a web page a more structure and search engine friendly form. The W3C has proposed some tags that help the web programmer to build more structured web page. For example, it is possible to use the tags <article> reference, article, and comments about that article. By using this tag is possible to share and reuse data with applications, enterprises, and communities [16] . It is possible to treat the ambiguity with the creation of classes in the ontological model and declaring them as disjointed. For example, with the word blackberry, which can make reference to a cell phone brand or a fruit, the classes shown in Figure 1 could be created. 
IV. ONTOLOGY
Ontologies and semantics have become a very important subject in the last years, which are researched by different academic groups. Ontologies are used in software design to establish communication among actors of design, interfaces and communications design, and knowledge discovering [17] .
To create an ontology model we can follow the same steps as Object Oriented software design, to create a formal specification of the terms that belongs to a domain. To represent all this information we can use classes, attributes, relations, and instances. The relations let us express how objects from the domain are related with objects of the range.
We can build hierarchy with classes and sub classes, and explicit express what classes are disjoint, for example on figure 2 we have Person class and Post class, that are disjoint and are related by the relations "writes"; this relation express that a person writes a post. The dotted lines express relation with objects of the same class, for example "knows" shows the relation between persons.
The studies for the use of ontologies are made in order to apply them in a legal environment [18] , considering as a base the definitions (content, intellectual property, instantiation) provided by the Dublin Core framework [19] , in order to have information of the information, but the idea is not only focused on using the hierarchy developed with the model, but also to create relations that can provide more knowledge [18] .
Ontologies are also used to share knowledge among systems, to allow the communication among intelligent agents, and in the software development to identify requirements and set tasks [20] .
V. PROPOSED APPROACH
The use of ontological models is proposed to manage the problems previously mentioned. For this purpose, it is necessary to create instances of the ontological models with the information of the entities presented in the text of each document. In order to control or handle the alias, the use of the relation "theSameAs" and the relation "hasFacet" to handle the ambiguities is proposed. These relations must be integrated in the ontological model and used at the moment of the creation of instances. Once instances are created, they are indexed in order to be found quickly at the moment of the search. All this is based on the communication between the ECM (using the communication CMIS standard of the ECMs) and a module to create ontological instances.
In an ECM, the nature of documents can be varied and depends on the use given by the company that uses them. We can find recipes, invoices, resumes and articles. The use of a unique model would not be good, because it could leave out entities that represent important information. As we can observe in Figure 3 , a model to represent people, institutions and publications with the relation "theSameAs", is used.
A good basis for the ontological models is FOAF [3] , which represents the relations of people (friendOf, fatherOf, etc.) and their basic data (name, last name, etc.), then the system can be enriched with models such as resumeRDF [21] that represents the information of the resume and organization [8] , which gathers the information about the organizations that could be related to a person.
A. Alias handle
The problem of the alias arises when a document inside of the ECM uses an alias to make reference to an entity in the system. The alias is identified as an instance in the model, and a relation "theSameAs" is created between the alias and the instance referred to.
To make the search the following steps must be followed: are consulted, and a list of results with the found coincidences is created.
2. Indexes of the ontological models instances are checked:
2.1 Instances whose name matches with the searched words are consulted, and their relations with other individuals are added to a list.
2.2
The individual obtained from the previous step is consulted using "theSameAs". Then the relations and properties of most interest (authorOf) are consulted and added to the list.
3. The obtained results are organized in two lists and presented to the user.
In Figure 3 , "RobertSmith" and "BobbySmith" entities make reference to the same person. If the user makes a search with the words "Robert Smith", the relation "theSameAs" between the two entities allows recommending the document "Gas management".
B. Handling ambiguity
Ambiguity arises when the user searches a word that can have more than one meaning, and the search engine shows as result any document that contains the searched word, without taking in consideration the meaning of the word in the text [22] . With the relation "hasFacet" in an ontological model, this situation can be handled and represent the different meanings that a word can have.
In order to show to the final user the different meanings that a word can have, these steps must be followed:
1. Indexes (where the text of each document is indexed) are consulted, and a list of results with the found coincidences is created.
2.2
The individual obtained from the previous step is consulted using "hasFacet". Then the relations and properties of most interest (authorOf) are consulted and added to the list.
The goal is to have a recommendation system based on ontologies for an ECM, but these steps here described could be used in any search engine after making the necessary changes.
In the tests, Abox ECM [23] has been used, a web application ran under Win7, Sqlserver [24] and .Net framework 4.5 [24] . All the code for the handling of ontologies and the instances was developed with C# [25] and the library dotNetRDF [26] . The recommendations system was developed following the design pattern MVC in order to be shown inside of the application Abox [23] . A controller that makes the process previously described was developed, which communicates with the ECM by means of the CMIS standard ( Figure 4) . A view was also created, and whose principal task is to create a <div> block ( Figure 5 ) with the recommendations. The work and handling of the ontological models were developed with the tool Protégé [27, 28] . 
VI. RESULTS
All the tests were conducted with the ECM Abox [23] , a repository of 4322 documents, the FOAF models [3] , organization, and place [29] .
In the repository, there are some documents with ambiguities, and non-related documents, but in the text, there is the word "Durango", which makes reference to a place in Mexico, a place in Spain, and a car model.
To handle this case, the "Durango" entity was created, and the relation "hasFacet" was used for each of the different instances referred to.
Using the instances of the Figure 6 , it is possible to suggest the user all the possible meanings of the word "Durango" inside of the system.
In Figure 5 , it is presented the HTML view of the Abox searcher in which the list of recommendations is embedded in. It can be observed that the results obtained with the traditional system (right) are not clear for the user. The system has found a total of 15 documents that have to be read by the user to discard those that are not related to the search. In the left side, the list of recommendations created by the proposed system can be observed and which presents to the user the different aspects registered in the system regarding the searched word. With this list, the user can discard as quickly as possible (they do not have to read the unnecessary documents) the documents not related to its search. 
VII. CONCLUSIONS
Showing the relation among entities that appear in the text of a document is an advantage for the ECM user.
In this development, model FOAF [3] is used because it has many relations, but the steps here described can be used with any ontological model, and it is even recommended to use multiple models with the purpose of representing the largest amount of entities that have a relevant meaning in the business logic of the system.
Providing suggestions to the user helps him to make decisions which documents are relevant for its search and save time. In this work, ambiguities are handled with a relation in the ontological model, but it is also possible to do it by defining a class and a subclass for every meaning that a word can have, which is not practical because it should previously be known which are the ambiguous terms and their different meanings.
We show in this publication the advantages of the use of ontologies, not only to represent metadata, but also to represent the entities present in the text of the document.
